iiiiiiiiiiiiiiiiniiiiiiiiiiii 

US006532365B1 

(12) United States Patent (io) Patent No.: US 6,532,365 Bl 

Anderson et al. (45) Date of Patent: *Mar. 11, 2003 



(54) PCS POCKET PHONEyMICROCELL 

COMMUNICATION OVER-AIR PROTOCOL 

(75) Inventors: Gary B. Anderson, Carnelian Bay, CA 
(US); Ryan N. Jensen, Colorado 
Springs, CO (US); Bryan K. Petch, 
Colorado Springs, CO (US); Peter O. 
Peterson, Colorado Springs, CO (US) 

(73) Assignee: Intel Corporation, Santa Clara, CA 
(US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 48 days. 

This patent is subject to a terminal dis- 
claimer. 

(21) Appl. No.: 09/652,117 

(22) Filed: Aug^ jOOO 

Related U.S. Application Data 

(63) Continuation of application No. 08/774,559, filed on Dec. 
31, 1996, now Pat. No. 6,112,080, which is a continuation of 
application No. 08/284,053, filed on Aug. 1, 1994, now Pat. 
No. 6,088,590, which is a continuation-in-part of application 
No. 08/215,306, filed on Aug. 21, 1994, now abandoned, 
which is a continuation-in-part of application No. 08/146, 
496, filed on Nov. 1, 1993, now abandoned. 

(51) IntCl. 7 H04Q7/20 

(52) U.S. CI 455/437; 455/436; 455/423; 

370/331 

(58) Field of Search 455/403, 422, 

455/423, 450, 436, 437; 370/335, 331, 

332 

(56) References Cited 

U.S. PATENT DOCUMENTS 

3,838,221 A 9/1974 Schmidt 
4,189,677 A 2/1980 Cooper et al. 
4,222,115 A 9/1980 Cooper et al. 

(List continued on next page.) 



FOREIGN PATENT DOCUMENTS 

AU 3984485 9/1985 

EP 0189695 6/1986 

EP 0326104 2/1989 

(List continued on next page.) 

OTHER PUBLICATIONS 

Nanda et al., "Variable Partition Duplexing For Wireless 
Communications", IEEE GlobeCom, 1991:1147-1153, 
1991. 

"Air Interface Considerations", Joint Experts Meeting, 
Rockwell International Nov. 11, 1992. 
Ritter, G., "Response to Proposal for FQPSK Modulation in 
DCS 1900", Joint Technical Committee Standardization of 
the PCS Air Interface, Feb. 7, 1994. 

(List continued on next page.) 

Primary Examiner — Edward F. Urban 
Assistant Examiner — Erika A. Gary 

(74) Attorney, Agent, or Firm — Blakely, Sokoloff, Taylor & 
Zafman LLP 



(57) 



ABSTRACT 



A simple and flexible over- air protocol for use with a mobile 
telephone system, having hand-held telephones in a micro- 
cell or other type of cellular communication system. A 
method in which user stations communicate with one or 
more base stations to place and receive telephone calls, in 
which the user stations are provided a secure voice or data 
link and have the ability to handoff calls between base 
stations while such calls are in progress. Each base station 
has a set of "air channels" to which it transmits in sequence. 
The air channels supported by each base station are called 
that base station' a "polling loop". A user station receives 
general polling information on an unoccupied air channel, 
transmits responsive information to the base station, and 
awaits acknowledgment from the base station. Each base 
station may therefore simultaneously maintain communica- 
tion with as many user stations as there are air channels in 
its polling loop. The ability of a user station to communicate 
on any unoccupied air channel makes the protocol air- 
channel agile, while the stability of user station and base 
station clocks may define air channels, gaps, and minor 
frames. 

6 Claims, 5 Drawing Sheets 
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PCS POCKET PHONE/MICROCELL each one in sequence. The air channels supported by each 

COMMUNICATION OVER-AIR PROTOCOL base station are referred to as a "polling loop" for a par- 
ticular base station. A user station may receive information 

RELATED APPLICATION DATA on an m roccnpfod air chann el, receive the base station 'a 

t . . .. r*To r »• c 5 transmission, and transmit information to the base station. 

This application is a continuation of U.S. application Ser. „ , . ' . _ . . . . 

No. 08^744,559, filed Dec. 31, 1996, which is now U.S. Pat. Each base ff at,on ,herefore ™mtain 

kt a -in Aon u u • \- !■ me r communication with as many user stations as there are air 

No. 6,112,080, which is a continuation of U.S. application , . . . „. . ' . „. - . . 

Ser. No. 08/284,053, filed Aug. 1, 1994, which is now U.S. ^annels in ,ts pollmg loop. The ab:hty of a user station to 

Pat. No. 6,088,590 which is a continuation-in-part of °° a °V ^occupied ajr channel makes the 

,. 1TC e KT no „ 1C w £, , io protocol a ir-channel ag ile. Each base station continually 

co-pending U.S. application Ser. No, 08/215,306, filed on f_ — ... i . . . \ 

./ A,,. y .... j r, , . n u n transmits on each one of its air channels in a predetermined 

Mar. 21, 1994, and entitled, "PCS Pocket Phone/Microcell n l u • • u e n j 

„ . ~ *• U . , . , . sequence. Each base station transmission may be followed 

Communication Over- Air Protocol, which is in turn a . c * • • 

. flip » ,. • c Kr nonAt: by a first gap, a user station transmission (if some user 

continuation-m-part of U.S. Application Ser. No. 08/146, ' 6 ■ . v j j r 

^.n* ci j xr 1 mn-i i. * *u j station attempts to communicate), and a second gap, before 

496, filed on Nov. 1, 1993, bearing the same title, and now , , .... - • u i Tal 

i » , , „ . * . . c 15 the base station transmits on the next air channel. A base 

abandoned, which are all incorporated herein by reference in . ^ . . c . . . . , 

their entiret station transmission, first gap, user station transmission, and 

y * second gap are collectively called a "minor frame". A 

BACKGROUND OF THE INVENTION polling loop in which each air channel is polled is called a 

"major frame". 

1. Field of the Invention 20 i n a preferred embodiment, stability of user station and 
This invention relates to the field of communications, and station clocks may define the air channels, gaps, and 

particularly to communication systems using spread spec- mmor frames. The user station may synchronize itself to the 

trum techniques and to over-the-air protocols for mobile station' a clock by detecting a minor frame and by 

telephones. adjusting its clock to be in synchrony with the base station 

2. Description of Related Art 25 when the first bit sequence of the minor frame is detected. 
A mobile telephone system may generally comprise a set The stability of the user station and base station clocks may 

of " user sta tions", ty pically mobile and the endpoints of a then hold the user station and base station in 

communication pat h, and a se t oPbase sta tions^J^picaUy synchronization, as long as the user station is periodically 

stationary and the intermediaries by which a communication able to receive transmissions from the base station. Should 

pathmay be established oTmainUined. In a mobile tele- 30 reception in either direction be interrupted for too long, the 

phone systemTohe Important concern i s the ability of m obile basc station and user station clocks may drift apart and the 

stati ons to communicate with base stations i n a simple, uscr station may need to reacquire the transmission from the 

flexi ble and rapid mann er. The communication protocol base station. 

between user stations and base stations should be rapid, so Handoffs are preferably initiated from the user station 

that user stations are not required to wait to establish a 35 which continually monitors available air channels from the 

communication path. The protocol should be simple, so that same and competing base stations during dead time, A user 

user stations need not incorporate expensive equipment to station may handoff within the same polling loop to establish 

implement it. The protocol should be flexible, so that user communication in a new minor frame, or may handoff in 

stations may establish communication paths in as many such a manner to establish communication in a new minor 

communication environments as reasonably possible. 40 frame within a polling, loop of a different base station. In the 

Accordingly, it would be advantageous to provide ai latter case, a base station controller may assist in transferring 

the call from one base station to another. 



simple and flexible o ver-air protoco l for use with a mob ile 
telephone system. On e class nf systems in which this would 
be particularly advantageous is that of personal communi- 
cation systems, particularly those with hand-held telephones 



The invention provides in yet another aspect for closed 
loop power control in the user stations by monitoring and 

I adjusting the user station power at regular intervals, such as 

in a microceli or ot her type of cellular communicatio n once in each major frame. The control of user station power 

syslem! serves to reduce intercell interference and prolong battery 

life in mobile handsets. 

SUMMARY OF THE INVENTION ^ Variable data rates provided in another aspect of the 
The invention provides in one aspect a simple and flexible present invention. Auser station may increase its data rate by 
over-air protocol for use with a mobile telephone system, transmitting and/or receiving in multiple minor frames dur- 
such as a Personal Communication System (PCS) with ing a major frame, or may reduce its data rate by transmitting 
hand-he ld telephones in a cellular communication system. A and/or receiving in fewer than every major frame, 
preferred, embodiment" is adajgtedJo_"pocket_ehQnes'', i.e., 55 BRIEF DESCRIPTION OF THE DRAWINGS 
small ha nd-h eld telephones which may use a cellular com- 
munication technique, but the invention may be used with FIG 1A is a diagram of a communication system having 
any cellular or mobile telephone system. The protocol base stations and user stations. 

defines a method in which user stations, such as cellular or FIG. IB is a diagram of a preferred cellular environment 

mobile telephone handsets, communicate with one or more 60 in which the invention may operate. 

base stations to place and receive telephone calls. FIG. 1C is a diagram of a network architecture showing 

The protocol provides air-channel agilit y between base various system components, 

stations and user statio ns, wh ile pro viding a secure vo ice or FIG. 2 is a diagram of frame and message formats in a 

da ta link a nd t he abili ty to handojF calls between base polling loop. 

stations while they are in progress. 65 FIG. 3 is a diagram showing formats for message types. 

In a preferred embodiment, each base station may have a FIG. 4 is a diagram of a network architecture showing 

set of "air channels" which it polls, e.g. by transmitting to connections between base stations and a network. 
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DESCRIPTION Or THE PREFERRED The use of spread spectrum for carrier modulation permits 

EMBODIMENT a very efficient frequency, reuse factor of N=3 for allocating 

The disclosure of the invention may be supplemented ba <f rier fancies and F3 l ° ad i acem <* Us 

the contents of technical information appended to this speci- £»• lDterf l r f n « be ^ een ^ ""J* the Sam f. C ™™ 

ficationinaTechnicalAppendixA.aTechnicalAppendixB, 5 ^ uen ^"' r ^ reduced by the propagauon oss 

and a Technical Appendix C, each of which is hereby due t0 | ne dis,ance separating the ceUs 103 , (no rvvo cells 103 

incorporated by reference as if fully set forth herein. No U «°B same frequency Fl, F2 or F3 are less than two ceUs 

admission is made as to possible prior art effect of any part 103 ln away from one another) and also by the 

of the aoDendix spread spectrum processing gain of cells 103 using the same 

, r j ... . . . ...... to carrier Frequencies Fl, F2 or F3. 

In a preferred embodiment, it is contemplated that com- _ 1. , ... .... .a- 

munication between base stations and user stations will be The preferred spread spectrum bandwidth may d.ffer 

conducted using a s pread-spectrum techniq ue. There are at accotdui g t0 » h c e J'JW p band of °P era f n ' ™»» 

leas three methods lor establishing sync hronization and allD f "> * e PC S \ B ' or C frequency ba wis, each of which 

communication, each preferably usinTan-ratSIy-iechnique „ * 1/ MHz wide, the c«nterfrequenc,es Fl, E2 and I F3 are 

in which multipl e bits of data are transmitteT for each 15 preferably located at 25 MHz 7.5 MHz and 1" MHz, 

spread -spedt rum symbol, e.g., by tra ns mitting and r eceiving respectively, from the lowest band edge of the A, B or C 

multiple different spreading codes, and interpreting the ^n^^y ^au . 

received one of those multiple different spreading codes at The PCS D, E, or F bands, on the other hand, are each 5 

the receiver to indicate multiple data bits. S^ictn^mzation MHz wide, which is the same bandwidth as a preferred 

may be accomplished either by (1) automatiT^rlcTr^iza- 20 spreading bandwidth for a spread spectrum'signal used in 

tion disclosed in co-pending Application Ser. No. 08/146/ the particular cellular environment. Consequently, a single 

491, entitled "D ESPREADING/DEM ODULATING carrier frequency is placed in the center of the D, E or F 

DIRE CT SEQUENCE SPREAD SPECTRUM SI GNALS". band, and a frequency reuse factor of N=l is used because 

Lyon & Lyon Docket No. 200/154, filed on Nov. 1, 1993 in toe spread spectrum signal covers the entire available band- 

the name of inventors Robert Gold and Robert C. Dixon, 25 width. Because an N-l frequency reuse pattern is used, the 

hereby incorporated by reference, by (2) synchronizing with required intercell interference rejection must be obtained by 

matched niters, by (3) demodulation and despreading using s P read spectrum code orthogonality and/or the use of sec- 

sliding correlators, or by (4) a combination of these *rized antenna patterns. The exchange of interfering air 

techniques, e.g., matched filters for synchronization plus channels or time slots, as described elsewhere herein, may 

sliding correlators for demodulation and despreading, or also be used to mitigate intercell interference, 

matched filters for synchronization plus autosynchronization When operating in the PCS unlicensed band, which has a 

for demodulation and despreading. bandwidth of 20 MHz divided into individual channel only 

FIG. lAis a diagram of a communication system having 1-25 MHz wide, the spread spectrum chipping rate may be 

base stations and user stations. 35 reduced to approximately 1.25 Mcps. The TDMA burst rate, 

A communication system 101 for communication among or number of TDMA time slots (or minor frames) in each 

a plurality of user stations 102 may include a plurality of P ollin g loo P> ma y also be reduced to maintain the required 

cells 103, each with a base station 104, typically located at s P read spectrum processing gain for rejecting intercell inter- 

the center of the cell 103. Each station (both the base stations ference. A non-spread spectrum TDMA/TDD signal modu- 

104 and the user stations 102) may generally comprise a 40 lanon format for operation in the unlicensed band may also 

receiver and a transmitter. The user stations 102 and base De provided. 

stations 104 preferably communicate using time division FIG. 1C is a diagram of a network architecture showing 

multiple access (TDMA) or time division duplex (TDD) various system components. 

techniques as further described herein, in which specified A preferred communication system is designed around an 
time segments or major frames are divided into assigned 45 object-based software architecture which allows for flex- 
time slots or minor frames for individual communication. ibility in interconnection to various networks including 

FIG. IB is a diagram of a preferred cellular environment public switched telephone networks, AIN, GSM and IS-41 

in which the invention may operate. A geographical region network infrastructures. It is also contemplated that the 

is divided into a plurality of cells 103. Associated with each communication system may interface with a cable television 

cell 103 is an assigned frequency and an assigned spread 50 distribution network; however, such an interface may 

spectrum code. Preferably, three different frequencies Fl, F2 require the addition to the cable television network of a 

and F3 are assigned in such a manner that no two adjacent switch architecture, two-way amplifiers, redundancy, and, in 

cells have the same assigned frequency Fl, F2 or F3. The order to use the coaxial portion of the cable TV network, a 

effect of such a frequency reuse pattern is to minimize remote antenna subsystem to extend coverage from a base 

interference between adjacent cells, 55 station 104. 

To further reduce the possibility of intercell interference, The overall system thus provides flexibility to interface 

different orthogonal spread spectrum codes CI through C6 with a variety of different networks depending upon the 

are assigned as shown in adjacent clusters 110. desired application. To allow interconnection to diverse 

Although six spread spectrum codes CI through C6 are networks, the system uses internal communications based on 

shown in FIG. IB, it is contemplated that fewer or more 60 ISDN messages, called "notes", for passing necessary infor- 

spread spectrum codes may be suitable depending upon the mation among components within the system. These "notes" 

particular information. Further information regarding a pre- are so named as not to confuse them with the ISDN specific 

ferred cellular environment may be found in U.S. applica- protocol itself. Network messages (based on, e.g., Q.921, 

tion Ser. No. 07/682,050 entitled "Three Cell Wireless Q.931 protocols, or others) are converted by the system into 

Communication. System" filed on Apr. 8, 1991 in the name 65 "notes" for efficient operation within the hardware platform, 

of Robert C. Dixon, and hereby incorporated by reference as In FIG. 1C is shown various components of a preferred 

if fully set forth herein. system architecture including a plurality of base stations 104 
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for comrmiQicating with user stations 102. Each base station 
104 may be coupled to a base station controller 105 by any 
of a variety of linking means 109 including, for example, 
local area data access (LAD A) lines, Tl or fractional Tl 
lines, ISDN BRI's, cable TV lines, fiber optic cable, digital 
radio, microwave links, or private lines. As an illustration 
shown in FIG. 1C, a plurality of base stations 104 may be 
coupled to base station controller 105 by first connecting to 
a coaxial cable 111 which is thereafter coupled to a fiber 
optic cable 113 at a fiber node 112. The fiber optic cable 113 
is coupled to the base station controller 105 as shown. 

Each base station controller 105 may be connected to a 
network 106 such as a public switched telephone network 
(PSTN) or a personal communications system switching 
center (PCSC) by a variety of network links 108, which 
include the same basic categories of transport means as the 
linking means 109. Base station controllers 105 may also 
connect to the network 106 via an X.25 link 114. 

The system of FIG. 1C also incorporates the use of 
"intelligent" base station (IBS) 107 compatible with LEC- 
based AIN architecture that may be connected directly to a 
network 106 without the interface of abase station controller 

105. The intelligent base stations 107 may therefore bypass 
the base station controllers 105 for local handofis and 
switching, and instead perform these functions via the 
network 106. In AIN based architectures, signaling between 
network elements may be carried out using 
standard 'signaling protocols including, for example, SS7 
and IS-41. 

In operation, the base stations 104 format and send digital 
information to the base station controller 105 (or directly to 
the network 106 in the case of an intelligent base station 
107). The base station controllers 105 concentrate inputs 
from multiple base stations 104, assist handoffs between 
base stations 104, and convert and format channel informa- 
tion and signaling information for delivery to the network 

106. The base station controllers 105 may also manage a 
local cache VLR database, and may support basic 
operations, administration and management functions such 
as billing, monitoring and testing each base station control- 
ler 105, under control of the network 106, may manage local 
registration and verification of its associated base stations 

104 and may provide updates to the network 106 regarding 
the status of the base stations 104, 

The network 106 connects to the base station controllers 

105 for call delivery and outgoing calls. The connection 
between the network 106 and a base station controller 105 
may utilize the Bellcore "Generic C interface which 
includes Q.921, Q.931 and modifications to Q.931. 

Intelligent base stations 107 may use ISDN messaging for 
registration, call delivery and handoff over a public tele- 
phone switch. The intelligent base station 107 may have all 
the general capabilities of a base station 104 but further 
incorporate a BRI card, additional intelligence and local 
vocoding. The connection between the network 106 and an 
intelligent base station 107 may utilize the Bellcore 
"Generic C interface which includes Q.921, Q.931 and 
modifications to Q.931. 

If the network 106 is a GSM network, then base stations 
104 may connect to the network 106 through a defined "A" 
interface. Features and functionality of GSM are passed to 
and from the base stations 104 over the "A" interface in a 
manner that is transparent to the end user. 

As noted, the system may also interconnect to cable 
television distribution networks. The base stations 104 may 
be miniaturized to the point where they can be installed 
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inside standard cable TV amplifier boxes. Interfacing may 
be carried out using analog remote antenna systems and 
digital transport mechanisms. For example, Tl and FT1 
digital multiplexer outputs from the cable TV network may 
5 be used for interfacing, and basic rate (BRI) ISDN links to 
transport digital channels. 

Cell site diagnostics may be performed remotely through 
either the control channel on the digital link resident in the 

10 base station 104 or a dial up modem for some implemen- 
tations. Such diagnostics may be performed on each com- 
ponent board of the base station 104. In addition, the base 
stations 104 and base station controllers 105 may be 
remotely monitored and downloaded with updated software 

15 as required. Similarly, user stations 102 can also be down- 
loaded with software over air channels as required for 
maintenance purposes or for system upgrades. 

The user stations 10 2 comprise in one embodiment 
20 mobile handsets capable of multi-band and/ or multi-mode 
o peratio n. The user stations 102 may be multi-mod e in that 
th ey may be capable of either spread spectrum comm uni- 
cation or conventional narrow ba nd communica tion. The 
u ser jta ti ons 102 may be multi-band in the sense that they 
25 may be set to operate on a plurality of different frequen cies, 
s uch as frequencies in either the licensed or unlicensed 
fr&au^iK^Ujands. 

For example, a user station 102 may be set to operate on 
30 any frequency between 1850 and 1990 MHz in 625 kHz 
steps. Thus, each user station 102 may have a frequency 
synthesizers which can be programmed to receive and 
transmit on any one of 223 frequencies. If the user station 
102 operates solely in the licensed PCS band, however, the 
35 programmable frequency steps may be in 5 MHz 
increments, in which case the first channel may be centered 
at 1852.5 MHz, the next at 1857.5 MHz, and so on. If 
operating in the isochronous band between 1920 and 1930 
MHz, the first channel may be centered at 1920.625 MHz, 
40 and the channel spacing may be 1.25 MHz across the 
remainder of the isochronous band. The user stations 102 
need not operate in the 1910 to 1920 MHz band, which is 
reserved for asynchronous unlicensed devices. 

Further detail regarding the multi-band and multi-mode 
aspects of user stations 102 may be found in copending U.S. 
application Ser. No. 08/146 T 492 filed on Nov. 1. 1993 in the 
name of inventors Robert C. Dixon and Jeffrey S. 
VandeTpool, entitled "DUALzMQDEj^^ELF.SS UNIT 
WI TH TWO SPREAD-SPECTRUM FREQUEN CY 

50 B^NQS," copending application Ser. No. 08/059,021 filed 
May 4, 1993 in the name of inventors Douglas G. Smith, 
Robert C. Dixon and Jeffrey S. Vanderpool, 
entitled "DU AL-BAND SPREAD -SPECTRU M 
COMMUNICATION," and copending application Ser. No. 

55 08/206,045 filed on Mar. 1, 1994 in the name of inventors 
Robert C. Dixon and Jeffrey S. Vanderpool, entitled 
"DUALMODE TRANSMITTER AND RECEIVER," each 
of which is hereby i ncorporated by reference as if fully set 
forth herein. The multi-band, multi-mode capability enables 

60 the user stations 102 take advantage of variety of diverse 
system architectures as describes herein, and to interface 
with various different networks with a minimum of hard- 
ware or software adjustments. 

65 Base stations 104, like user stations W^niay-^l^be 
provided with multi-band and multi-mode c apabilities a s 
described above. """x. " \y 
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FRAME AND MESSAGE FORMATS 

FIG. 2 shows frame and message formats in a polling, 
loop. 

In a single cell 103, abase station 104 may poll user 
stations 102 in the cell 103. The base station 104 may 
repeatedly transmit a major frame 201, comprising a 
sequence of minor frames 202. As noted herein, each minor 
frame 202 may comprise a polling exchange for a single user 
station 102, while each major frame 201 may comprise a 
complete polling sweep of user stations 102 in the cell 103. 

In a preferred embodiment, the base station 104 may 
conduct its polling exchanges using a set of air channels 203 . 
Each of the air channels 203 may comprise a separate 
transmission channel, such as a separate frequency band for 
FM or AM encoding, a separate spreading code f or spread- 
specjru m encod ing, a separate spatial locatio n, or other 
div ision of communication slots between base stations 104 
and user stations 102. In a preferred embodiment, the base 
station 104 may poll every one or its air channels 203 in a 
predetermined sequence in a single major frame 201. 

While in a preferred embodiment, the base station 104 
may poll every one of its air channels 203 in a single major 
frame 201, but it will be clear to those of ordinary skill in the 



transmission 204 or user transmission 206 itself, e.g., what 
type of message the base transmission 204 or user transmis- 
sion 206 comprises. The header field 207 may also comprise 
a CSC or CRC code 211 (a cyclic redundancy check) having 
5 four bits. 

The D field 208 may comprise control information to be 
communicated between base stations 104 and user stations 
102 once a communication link is established. This control 
information may generally be used for ISDN communica- 
10 tion between base stations 104 and user stations 102, such as 
control information generally communicated using the 
ISDN "D channel". Because the D field 208 is separate from 
but simultaneous with the B field 209 which normally 
handles the bulk of information transfer due to its higher 
15 data rate, the D field 208 may be used for paging 
applications, notifications (e.g., voice mail), short message 
service (similar to GSM), or other user applications. Thus, 
the simultaneous nature of the D field 208 and the B field 
209 allows messaging functions even when the user station 
20 102 is "in use". 

During link expansion, described with regard to FIG. 3 
herein, the D field 208 may also comprise a user nickname 
212 for communication from the base station 104 and a 
designated user station 102. The user nickname 212 may 



art, after perusal of this application, that the base station 104 25 comprise a temporary identifier for the user station 102 



may restrict its poll to only a portion of its air channels 203 
in each major frame 201, so long as all air channels 203 are 
eventually polled, and in an order so that each user station 
102 may determine in which minor frame 202 it should 
respond. 

Each minor frame 202 may comprise a base transmission 
204 by the base station 104, a first gap 205, a user trans- 
mission 206 by a user station 102 (if any user station 102 
responds), and a second gap 207. During the base transmis- 
sion 204, a user station 102 desiring to establish a commu- 
nication path may receive the base transmission 204 and 
determine if the air channel 203 is occupied or not. If not 
occupied, the user station 102 may respond with its user 
transmission 206, 

In one embodiment, in order to provide efficient service in 
low density rural areas, cell radii can be extended to large 
distances (e.g., beyond 8 miles) by providing the increased 
guard times as would be required for the longer round trip 
propagation delays encountered in the larger cells. Cells 
with large radii can be supported by reducing the number of 
minor frames 202 per major frame 201 to a lesser number 
(e.g., from 32 to 25). Since such targe cell radii will 
ordinarily be deployed in low population density areas, 
reduced cell capacity caused by the smaller number of minor 
frames 202 per major frame 201 is not a severe drawback. 

In a preferred embodiment, a base transmission 204 may 
comprise a header field 207, which may be a fixed length of 
sixteen bits, a D field 208, which may be a fixed length of 
eight bits, and a B field 209, which may be a fixed length of 55 
160 bits, or may be a variable length. In an embodiment 
using a variable -length B field 209, the variable length may 
be determined in response to the polling loop time and the 
data rate which must be supported. For example, in a 
preferred embodiment of a 30-channel system, the B field 
209 may be 160 bits long. 

In a preferred embodiment, the user transmission 206 may 
comprise like fields as the base transmission 204. 

The header field 207 may comprise an origin bit 210, 
which may be a "1" bit for base transmissions 204 and may 
be a "0" bit for user transmissions 206. Other parts of the 
header field 207 may indicate information about the base 
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selected by the base station 104. 

The B field 209 may comprise data, voice (encoded 
digitally or otherwise) or other information. In a preferred 
embodiment, the B field 209 may also comprise specified 
information for establishing communication links between 
base stations 104 and user stations 102. The B field 209 may 
also comprise its own FCW or CRC code 211 having sixteen 
bits (with 160 bits of information, a total of 176 bits). 

In a preferred embodiment, there may be 32 air channels 
203; the major frame 201 may therefore comprise 32 minor 
frames 202 in sequence. Thus, each minor frame 202 may be 
about 307 microseconds long, each air channel 203 (in a 
TDD or TDMA system) may be about 667 microseconds 
long, and each major frame 201 may be about 20 millisec- 
onds long. In a preferred embodiment, there may be 160 bits 
transmitted per air channel 203; thus the 32-channel system 
would have about a 256 kilobits/second total two-way data 
rate. Other time values are shown in the figure. 

In a preferred embodiment, information may be transmit- 
ted at a rate of five bits each 6.4 microseconds, using a 
32-ary code-shift keying technique. Thus, each 6.4 
microseconds, one of 32 different codes may be transmitted, 
with 32 different possibilities equalling five bits of informa- 
tion. In an alternative preferred embodiment, one of 16 
different codes may be transmitted, with an additional phase 
bit on the carrier (or, in a second alternative, more than one 
phase bit on the carrier), again with 32 different possibilities 
equalling five bits of information. 

In one embodiment, a minor frame 203 may operate in an 
asymmetric mode in the sense that the greater portion of a 
minor frame 202 is devoted to either the base transmission 
204 or the user transmission 206. High speed data transport 
in either direction (i.e., from the base station 104 to the user 
station 102, or vice versa) can be provided in the asymmetric 
mode, with or without acknowledgment and/or ARQ. 

A particular sutj^iiQde of the above described asymmetric 
mode may be referred to as broadcast mode in which 
essentially the entire minor frame is devoted to one-way 
communication. In the broadcast mode, one or more broad- 
cast sub-channels may be identified by a special broadcast 
identifier. Up to 255 broadcast channels may be so identi- 
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fled. For these point-to-multipoint applications, broadcast 
frames are not acknowledged. 

Control Pulse 

A user station 102 in a cellular environment preferably 
has means for controlling transmission power to avoid 
interference with adjacent cells. Unlike a fixed station 
environment, in which antenna locations, patterns and fixed 
station transmission power may be adjusted for minimal 
interference with other fixed stations, the nature of a cellular 
environment with mobile user stations 102 is such that there 
can arise conflict between user stations 102 at intersecting 
cell boundaries. This creates the need for some power 
control in the user stations 102. For example, a user station 
102 operating at the boundary of coverage of a base station 
104 may need to transmit at full power to stay in contact. On 
the other hand, a user station 102 operating relatively close 
to its own base station 104 may not need to transmit full 
power to have good contact. By proper power control, user 
stations 102 may maintain adequate contact with base sta- 
tions 104 without unduly interfering with neighboring cell 
transmissions, allowing RF channel reuse in nearby cells. 
Power control may also reduce interference with fixed 
microwave users and conserve battery power in use stations 
102 such as handheld units. 

The present invention achieves power control in one 
embodiment by use of a power control pulse transmitted 
periodically from each user station 102. After establishment 
of a communication link, described with regard to FIG. 3 
herein, a control pulse time 213 and a third gap 214 may be 
reserved just prior to the start of the minor frame 202, in 
which the user station 102 transmits a control pulse 215. The 
control pulse 215 provides to the base station 104 a power 
measurement of the air channel 203 indicative of the path 
transmission loss and link quality. Each user station 102 
generally transmits its control pulse 215 in the minor frame 
202 allocated to it (e.g., seized by the user station 102). 

The control pulse 215 may be received by the base station 
104 and used by the base station 104 t o determine inform a- 
Uariabout t he communication link i t has with the user station 
Q0JJ For example, the base station 104 may determine, in 
response to the power, envelope, or phase of the control 
pulse 215, t he direction or distance of; foe, user station 104, 
and the degree of noise or multipath error to wh ich the 
communication link with the (jser station 102 may befotnie^ 

In response to _receivinfi the control pulse 215, the base 
station 104 determines t he quality of the received sign al 
including, for example, the received power from the power 
control pulse 215 and the signal- to-noise or interfere [ ratio. 
The base station 104 then sends a message to in form the user 
station 1 02 to adjust its powe r if needed. Based on the 
quality ot the received signal, the base station 104 may 
command the user station 102 to change (increase or 
decrease) its transmit power by some discrete amount (e.g, 
in minimum steps of 3 dB) relative to its current setting, until 
the quality of the control pulse 215 received by the base 
station 104 is above an acceptable threshold. 

Similarly, if the base station 104 knows the power setting 
of the user stat ion 102, then the base station 104 can adjust 
its own power as well. The base station 104 may adjust its 
power separately for each minor frame 202. 

A preferred power control command pulse from the base 
station 104 to the user station 102 may be encoded according 
to Table 5-1 below: 
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TABLE 5-1 



5 



Power Control Command 


Adjustment 


000 


No change 


001 


-3 dB 


010 


-6 dB 


011 


-9 dB 


100 


+3 dB 


101 


+6 dB 


no 


+12 dB 


in 


+21 dB 



Although preferred values are provided in Table 5-1, the 
number of power control command steps and the differential 
15 in power adjustment between steps may vary depending 
upon the particular application and the system specifica- 
tions. 

While power control is thus desirable, a problem in some 
conventional TD MA systems is that the length of the polling 

20 loop (e.g, the major frame 201) is too long to allow the latest 
user transmission to be very useful for estimating the 
channel losses and impairments. In other words, the latency 
of the polling loop signals may prevent the use of closed 
loop power control. However, the described embodiment 

25 allows for a power control sequence that may be effectively 
carried out in a relatively short span of time, thereby 
allowing closed loop power control. Preferably, the elapsed 
time encompassing transmission of the control pulse 215, 
the base transmission 204, and the start of the user trans- 

30 mission 206 is kept relatively shore (e.g. less than 500 /eec 
or roughly 25% of the duration of the major frame 201), 
allowing system response to be fast enough to counteract 
small scale multipath fading effects and propagation shadow 
effects. 

35 The base station 104 may also use the control pulse 215 
to measure the time delay from a user station 102 and 
thereby estimate the distance of the user station 102 from the 
base station 104. For 911 support, a user station 102 can 
provide control pulses 215 to multiple base stations 104 for 

40 rough location estimation in emergency situations. 

In a preferred embodiment, the base station 104 may have 
a plurality of antennas for reception and transmission on the 
communication link with the user station 102, and may 
select one of that plurality of antennas for reception and/or 

45 transmission, in response to the determination the base 
station 104 may make in response to the control pulse 215. 
The base station 104 may make the determination of which 
antenna to use based on the quality of the signal received 
from the control pulse 215 transmitted by the user station 

50 102. Because the base station can both receive and transmit 
on the antenna having the best received signal quality from 
the control pulse 215, the user stations 102 benefit from 
antenna selection diversity even though they might not have 
explicit antenna diversity capabilities at the user station 102. 

55 The control pulse 215 permits spatial diversity control to be 
updated during each minor frame 202. Preferably, the base 
station 104 employs a high speed TDD technique such that 
the RF channel characteristics do not change within the time 
of the minor frame 202. 

60 Information relating to the control pulse 215 for a par- 
ticular user station 102 may be transferred as information in 
control traffic from one base station 104 to another base 
station 104 in the case of a base station assisted handoff. 
It should be noted that, in the preferred TDMA system 

65 described herein, the requirement of strict RF transmitter 
output power control is not necessary to resolve the "near- 
far" problem commonly experienced in CDMA systems. 
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The purpose of the control pulse 215 is primarily to reduce The use of TDD also permits utilization of a single steered 

battery consumption in user stations 102, to minimize inter- phased array antenna at the base station 104 for applications 

ference of transmissions among neighboring cells 103 which requiring a high gain, highly directional antenna. Similar 

may be operating on the same or adjacent RF channels, and deployment in CDMA or FD MA systems would, in contrast, 

to minimize interference with nearby fixed microwave users. 5 be more complex and costly, as they may require simulta- 

The control pulse 215 may also serve as a synchronization neous steered beams for each user station 102 within the cell 

preamble for determining the beginning of M-ary data jqq 

symbols within the minor frame 202. A power control Fof example) t0 permil a sing i e base station i 04 to cover 

command pulse similar in length to the control pulse 215, j sparsely populated area, a steered array antenna with 

transmitted by the base station 104 during the base trans- 1Q tQ 2Q ^ of horizontal direc tivity can be used. Such an 

mission 204 or otherwise may likewise be used as a syn- £ sequentially steered to each user station 102 

chronizauon preamble at the user station 102, m addition to ... # * . - M 

. . 4 , . , . within a cell 103 at each minor frame 202. The same antenna 

providing a power control command to adjust the power 7. ^ *^> 1 , . . 

output level at the user station 102. mav be used for both transmission and reception, as noted, 

Base Station Output Power providing reciprocal forward and reverse link propagation 

Because a single base station 104 may communicate with 15 characteristics. The steered array antenna may utilize circu- 

a large number of user stations 102 (e.g., as many as 64 user lar polarization so that high level delayed clutter signals 

stations 102) at a given time, each of whose distance from reflected from buildings or other obstructions within the 

the base station 104 may vary from near zero up to the radius beam path do not interfere with the received signals from the 

of the cell 103, it may not be practical to control the user stations 102. As reflected signals are typically reversed 

transmitter power of the base station 104 in order to maintain 20 in polarization, they will be rejected by the circularly 

a near-constant received power level at each user station 102 polarized antenna. It should be noted that such high gain, 

during each minor frame 202. Output power control of the directional antennas also reduce the delay spread in severe 

transmitter at the base station 104 could require a large multipath environments by rejecting multipath components 

change (e.g., more than 40 dB) in transmit power during arriving from outside the main beam of the antenna, 

each minor frame 202 (e.g., every 625 /is) of the major frame 25 In one embodiment, the user station 102 employs a 

201. As an alternative to providing power control on a minor halfwave dipole antenna which is linearly polarized and 

frame 202 by minor frame 202, basis, output power control provides a gain of 2 dB with an omnidirectional pattern 

at the base station 104 can be averaged over a longer time perpendicular to the antenna axis. At a nominal frequency of 

interval than each minor frame 202. 1900 MHz a half wavelength is approximately 3 inches, 

Antenna Characteristics 30 which fits well within a handset envelope. 

In one aspect of the invention, the reciprocal nature of MESSAGE TYPES AND PROTOCOL 
time division duplex (TDD) permits common antennas to be 

used for transmit and receive functions at both the base FIG. 3 shows message types and a protocol which uses 

station 104 and the user stations 102, without the need for those message types. 

antenna diplexers. Common antennas can be used to trans- 35 In a preferred embodiment, messages (base transmissions 

mit and receive because these functions are separated in time 204 and user transmissions 206) may be one of three types: 

at each of the terminals. Further, because TDD utilizes the a general poll message 301, a specific poll message 302, and 

same RF frequency for the transmit and receive functions, an information message 303. When a message is transmitted 

the channel characteristics are essentially the same for both by a user station 102, it is called a "response", e.g., a general 

the base station 104 and a particular user station 102. 40 poll response 304, a specific poll response 305, and an 

The use of common antennas results in simplicity of the information response 306. 

base station 104 and user station 102 terminal designs. User Station Initiation of a Link 

Further, use of the same RF frequency and antenna for both A user station 102 may "acquire" a base station 104 by a 

transmit and receive functions at the base station 104 and the sequence of handshaking steps. At a general poll step 307, 

user station 102 provides reciprocal propagation paths 45 the base station 104 may transmit its general poll message 

between the base station 104 and user station 102 terminals. 301 on an air channel 203 as part of a minor frame 202 The 

This reciprocal nature allows the base station 104 to use the user station 102 receives the general poll message 301 and, 

channel sounding of the control pulse 215 transmitted by the if and only if it was received without error, transmits its 

user station 102 to determine the two-way path loss between general poll response 304 on the same air channel 203. The 

the base station 104 and the user station 102, and also to 50 general poll message 301 comprises a base ID 308, which 

determine which of the spatial diversity antennas at the base may be 32 bits long, which may be recorded by the user 

station 104 to use, both to receive from the user station 102 station 102. In like manner, the general poll response 304 

and to transmit to the user station 102. comprises a user ID 309, which may be 32 bits long, which 

Different types of antennas may be used by the base may be recorded by tie base station 104. The base ID 308 

station 104, depending on the type of application. For low 55 may be used during handoff, as noted herein, 

density suburban or rural applications an omnidirectional Upon receiving a general poll response 304, at a specific 

antenna may be used to provide maximum coverage with the poll step 310, the base station 104 may transmit a specific 

fewest base stations 104. For example, an omnidirectional poll message 302, comprising the user ID 309 received by 

antenna may be employed having a vertical gain of appro xi- the base station 104 as part of the general poll response 304. 

mately 9 dB, The 9 dB of gain permits a relatively large 60 The specific poll message 302 may be transmitted on the 

radius cell even with an omnidirectional horizontal pattern. same air channel 203 as the general poll message 301, or 

In suburban and low density urban areas, directional may be transmitted on another air channel 203, so long as the 

antennas with 120 degree azimuth beamwidths and 9 dB user station 102 is able to find it. 

vertical gain may be used at the base station 104 so that a cell The user station 102 may monitor all air channels 203 for 

103 can be sectorized into three parts, with each sector 65 its specific user ID 309. The user station 102 receives the 

accommodating a full load of user'stations 102 (e.g., 32 full specific poll message 302 and, if and only if it was received 

duplex user stations 102). without error and with the same user ID 309, transmits its 
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specific poll response 303 on tbe same air channel 203. The a communication link 312 with any user station 102 within 

specific poll response 30S comprises the same user ID 309 communication range. 

as the general poll response 304. Link Expansion and Reduction 

In a preferred embodiment, however, the specific poll ji, c data transmission rate between a base station 104 and 

message 302 may be eliminated as redundant. The user 5 a ^ stat i on hq may be expanded or contracted over the 

station 102 may therefore follow the general poll response duration of the communication link. 

304 with a specific poll response 305 on a selected air ,„ Qne embod iment, the base station 104 increa ses tbe 

channel 203. This air channel 203 may be designated by the da(a transmission rate by transmitting multiple information 

base station 104 in a part of the information field 1 209 of the messages 303 to the vseMlion i 02 during a major frame 

general poll message 301, it may be designated by the user 10 m essentiaU ^ting multip]s miDOt frames 2 02 to a 

station 102 in a part of the information field 209 of the sjn ^ e ^ station W2 h; hef data rates> ^ 

general poll response 304, or it may be selected by the user as rates „ m implemented by means of a targeted 

station 102 in response to an unoccupied air channel 203 message 30 3. ^ a targeted in-formation mes- 

(e.g., the user station 102 may seize an unoccupied au 303 ^ base statfon 1Q4 (he user nick . 

channel 203). The latter of these three alternatives is pres- 15 name 2U ^ the D field 208> aloQg ^ information t0 ^ 

ently preferred by the inventors. transmitted to the designated 101 user station 102 in the B 

Upon receiving a specific poU response 305 comprising a fidd 209 when ^ usef station lfl2 detects the ^ 

user ID 309 which matches that of the general poll response nickname 2 12 assigned to it, it receives the targeted infer- 

304, at a link-established step 311, the base station 104 may m ation message 303 

transmit an info rmation message 303. At this point the base 20 . c , , * * , 

. , . # . u . . , . u j In a preferred embodiment, the user nickname 212 may be 

station 104 and user station 102 have established a commu- A , , . , A . ' - Ajt t . ™ . 

. « « * , i ^ai . • ii transmitted by the base station 104 to the user station 1U2 in 

mcation link 312 on a designated air channel 203, typically , - c t l j- . i_ iL 

#1 _ . , , ~m ., ii j u *u u . the specinc poll message 302. In an embodiment where the 

the air channel 203 originally polled by the base station 104, r n .J., , . . . t , , , , 

■ t .,, j.~ ~. / r ! - rt ^ f™ , ... 1Aj( specific poll message 302 has been eliminated as redundant, 

but possibly a different air channel 203. The base station 104 ? r . , v . Vl , , iL . 

r , i-*.t_*'u i mi j .u the user nickname 212 may be transmitted by the base 

may couple a telephone line to that air channel 203, and the 25 A 4 . 1Ajl 4 - « ■ n • j • * j 

. ia-* u • i . i u station 104 to the user station 102 bit-serially in a designated 

user station 102 may begin normal operation on a telephone , . . ^ , , n , , 7 ^ 

, , t , ; , 1ft1 ^ f. bit of the header field 207. 
network (e.g., the user station 102 may receive a dial tone, 

dial a number, make a telephone connection, and perform Because the data transmission rate is related to the num- 

other telephone operations. The base station 104 and user ber of minor frames 202 allocated to a specific user station 

station 102 may exchange information messages 303 and 30 l02 » toe data transmission rate increases m steps of, for 

information responses 306, until the communication link example, 8 Kbps. It is contemplated that up to the full 

312 is voluntarily terminated, until faulty communication bandwidth of the base station 104-that is, up to all 32 full 

prompts the user station 102 to re-acquire the base station du P Iex slots or 256 Kb P s ( m duplex)-may be assigned to 

104, or until handoff of the user station 102 to another base a sm &* user statlon l02 * 

station 104. 35 The invention also provides in another aspect data rates 

Should more than one user station 102 respond to a lower than the basic rate (i.e., less than one minor frame 202 

general poll message 301 in the same minor frame 202, the per major frame 201 or less than 8 Kbps). The lower data 

base station 104 may advertently fail to respond. The lack of rate is accomplished by skipping major frames 201 on a 

response from the base station 104 signals the involved user periodic basis. Thus, data rates such as 4 Kbps, 2 Kbps, and 

stations 102 to back off for a calculated time interval before 40 so an can be provided. In one embodiment, up to 24 

attempting to acquire the same base station 104 using the consecutive major frames 201 maybe skipped, providing a 

general poll message 301 and general poll response 304 minimum data rate of 320 bps efl5ciendy (i.e., without using 

protocol. The back-off time may be based upon the user ID rate adaptation). Intermediate rates or even lower rates may 

309, and therefore each user station 102 will back off for a be obtained by using rate adaptation, 

different length of time to prevent future collisions. 45 The capability of providing variable data rates on 

In one embodiment, the general poll message is sent by a demand, including availability of an asymmetric mode in a 

base station 104 on one or more currently unoccupied air given minor frame 202 described earlier, provides an efifi- 

channels 203. Originally, at power-up of the base station cient and flexible data conduit for a wide array of data, 

104, the base transmission 204 for all of the air channels 203 video, multi-media and broadcast applications. For example, 

may therefore contain the general poll message 301. 50 each minor frame 202 can be configured with the majority 

Base Station Initiation of a Link of the minor frame 202 duration allocated to either the base 

When an incoming telephone call is received at a base transmission 204 or the user transmission 206, or can be 

station 104, at an incoming-call step 313, the base station configured with a symmetric distribution in which half of the 

104 transmits a specific poll message 302 with the user ID minor frame 202 duration is allocated to both the base 

309 of the indicated recipient user station 102 (skipping the 55 transmission 204 and the user transmission 206. Typically, 

general poll message 301 and the general poll response 304) voice traffic utilizes a symmetric distribution as either end of 

on an available air channel 203. the link may send voice traffic. In a data exchange, however, 

Each user station 102 listens for the specific poll message more data is typically sent in one direction and less in the 

302 repeatedly on each air channel 203 so as to receive the other. For instance, if fax data is being sent to a user station 

specific poll message 302 within a predetermined time after 60 102, then a higher data rate for the base transmission 204 

is transmitted. Thus each user station 102 may periodically would be advantageous and is supportable with the 

receive each air channel 203 in sequence so as to listen for described configuration. For even higher data rate 

the specific poll message 302. applications, a particular base station 104 or user station 102 

When the specific poll message 302 is received, the user may be assigned multiple minor frames 202 within a single 

station 102 compares the user ID 309 in the message with its 65 major frame 201. These high data rate modes can support, 

own user ID, and if they match, continues with the link- for example, enhanced voice quality, video data or broadcast 

established step 3 ll. The base station 104 may thus establish data applications. 
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Handoff and Network Maintenance 

Once a base station 104 and user station 102 have 
established a communication link 312, during the link- 
established step 311 the user station 102 may receive all 
information messages 303 and transmit all information 
responses 306 on the same air channel 203 or on specified 
multiple air channels 203. This arrangement leaves the 
remainder of the major frame 201 free for other activities. In 
a preferred embodiment, one such activity is to interrogate 
other base stations 104 and maintain network information 
such as link quality and channel availability at nearby base 
stations 104 in order to facilitate handoffs from one base 
station 104 to another base station 104. 

In a preferred embodiment, base stations 104 transmit 
network information as part of the general poll message 301 
and the specific poll message 302 in a channel utilization 
field 314 or otherwise. The network information may 
include, for example, the identity of nearby base stations, the 
identity or relative amount of free channels at a particular 
nearby base stations and/or at the current base station, link 
quality for nearby base stations and/or the current base 
station, and frequencies and spread spectrum code sets used 
by the nearby base stations. 

At a network-maintenance step 315, the user station 102 
may listen on one or more different air channels 203, other 
than the one(s) currently being used by the user station 102, 
for the general poll message 301 and the specific poll 
message 302 from nearby base stations 104. The user station 
102 continues to communicate on its designated air channel 
(s) 203 with its current base station 104 and responds as 
necessary to information messages 303 from that base 
station 104. However, unless a handoff procedure is initiated 
as described below, the user station 102 does not transmit in 
response to other nearby base stations 104 and therefore 
does not occupy air channels 203 of those base stations 104. 

It is contemplated that the system may perform either a 
"make before break" handoff for seamless, undetectable 
handoffs, or a "break before make" handoff in emergency 
situations where all communications with a base station 104 
are lost prior to a new connection being established. 

In a "make before break" handoff, if the communication 
link 312 between the base station 104 and the user station 
102 is too faulty, then the user station 102 may acquire one 
of the nearby base stations 104 in like manner as it acquired 
its current base station 104. Such a handoff procedure may 
be further explained with reference to FIG. 4. 

In FIG. 4, it is assumed that a user station 102 presently 
in communication with a current or original base station 405 
has determined it to be desirable to transfer communication 
to a different base station 104, such as a first terminal base 
station 410 coupled to a common base station controller 407, 
or a second terminal base station 406 coupled to a different 
base station controller 408. A handoff to the first terminal 
base station 410 will be termed an "intra-cluster" handoff, 
while a handoff to the second terminal base station 406 will 
be termed an "inter-cluster" handoff. The following expla- 
nation will focus on an intra-cluster handoff to the first 
terminal base station 410, but many of the steps are the same 
as with an inter-cluster handoff, and the salient differences 
between an intra-cluster and inter-cluster handoff will be 
noted as necessary. 

In general, when the user station 102 determines that a 
handoff is appropriate, the user station 102 acquires an air 
channel on the new or terminal base station 410 and notifies 
the base station controller 407 coupled to the current base 
station 405 to switch the incoming phone line from the 
current base station 405 to the new base station 410. 
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More specifically, a handoff procedure may be initiated 
when the received signal level at a user station 102 falls 
below an acceptable level. While the user station 102 
receives bearer traffic from its originating base station 405, 

5 the user station 102 measures the received "signal quality 
(e.g., RSSI) of its communication link 312. The received 
signal quality value, together with measurements of the 
current frame error rate and type of errors, determines the 
overall link quality. If the overall link quality drops below a 

to first threshold (the measurement threshold), the user station 
102 begins searching for available air channels 203 (i.e., 
time slots), first from the originating base station 104, and 
then (using appropriate frequencies and spread spectrum 
codes) from neighboring base stations 104 of adjacent or 

15 nearby cells 103. The user station 102, as mentioned, 
preferably has obtained information regarding the identities 
of neighboring base stations 104 (including spread spectrum 
code set and frequency information) from the originating 
base station 405 by downloading the information to the user 

20 station 102 during traffic mode or otherwise. 

As the user station 102 scans potential new air channels 
203 using the appropriate frequency and/or spread spectrum 
code set, the user station 102 measures and records the 
received signal quality. The user station 102 reads a field 

25 carried in all base transmissions 204 which describes the 
current time slot utilization of the base station 104. The user 
station 102 uses these two pieces of information to form a 
figure of merit for the new base station signals, including the 
originating base station 405, and then sorts the base stations 

30 104 by figure, of merit. This procedure allows the user 
station 102 to evaluate the quality of available air channels 
203 for both the originating base station 405 and other 
nearby base stations 104. 

If an air channel 203 (or air channels 203, as the case may 

35 be) for the originating base station 405 has better quality 
than that of any base station 104 in adjacent or nearby cells 
103, a time slot interchange (TSI) handoff is considered, 
which maintains the link to the originating base station 405 
on a different air channel 203 than was previously being 

40 used by the user station 102. 

If the link quality drops below a second threshold level, 
then the user station 102 (during a no-bearer time slot) 
requests a handoff from the base station 104 with the highest 
figure of merit (which could be a TSI handoff with the 

45 originating base station 405). The handoff is requested by 
seizing an air channel 203, sending a handoff message 
request, and waiting for an acknowledgment from the new 
base station 410. The handoff signaling message contains a 
description of the circuit connecting the originating base 

50 station 405 to the network, which description was passed to 
the user station 102 at call establishment time. If the new 
base station 104 accepts the handoff request (by 
acknowledging), then the new base station 104 becomes the 
terminal base station 410. Note that the user station 102 

55 maintains its original air channel 203 connection with the 
originating base station 405 during this handoff procedure, 
at least until a new air channel 203 is acquired. 

To complete an intra-cluster handoff, at a handoff step 316 
the user station 102 transmits to the new base station 410 the 

60 base ID 308 of the old base station 405. The old base station 
405 and new base station 410 may then transfer the handling 
of any telephone call in progress. 

More specifically, the terminal base station 410 sends a 
message in the form of a "note" (as previously described) to 

65 its base station controller 407, requesting that the original 
circuit be switched from the originating base station 405 to 
the terminal base station 410. If the base station controller 
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407 is common to both the originating base station 405 and approach also differs significantly from so-called "Mobile 

terminal base station 410, the handoff is termed an intra- Assisted Handoff" (MAHO) in which the network collects 

cluster event, and the base station controller 407 bridges the information and directs all or most of the handoff functions, 

circuit from the originating base station 405 to the terminal thereby utilizing the user station 102 primarily as an addi- 

base station 410. The base station controller 407 then sends 5 tional listening post with the network still directing the 

a circuit-switch -complete note to the originating base station handoff. The MAHO technique therefore ordinarily requires 

405 and also to the terminating base station 410, command- significant signaling and messaging between base stations, 

ing the latter to continue the handoff process. base station controllers, and switches, causing handoffis to 

In the case of an inter-cluster handoff, the base station take much longer than with the mobile centric techniques 

controller 408 is not common to both the originating base 10 described herein. 

stations 104 and the terminal base station 406. For these A major benefit of the mobile centric approach is that it 

types of handoffs, as with intra -cluster handoffs, the terminal may allow for mobile speed handoffis (e.g., 65 MPH) even 

base station 406 sends a message in the form of a note to its in very small or very large cells, such as cells ranging from 

base station controller 408, requesting that the original as small as under 1000 feet to as large as 20 miles in 

circuit be switched from the originating base station 405 to is diameter. 

the terminal base station 406, The base station controller 408 The system is also capable of performing a "break before 

translates the handoff note into the signaling language of the make" type of handoff as well. A "break before make" 

network host 409 (e.g, a PCSC) and requests an inter-cluster handoff is typified in a situation where sudden shadowing 

handoff at the network level. occurs, such as when a connection with the current base 

In some network architectures, the host network 409 20 station 405 is lost due to a severe signal blockage (e.g. worse 

cannot accept a handoff request from a terminating base than 40 dB) near the limit of the cell range such a scan occur 

station controller 408, in which case an intermediate step is when turning a corner quickly in a dense urban high rise 

taken. The handoff request may be sent via an X.25 link to area. In such a situation, the user station 102 checks its 

the base station controller 407 connected to the originating previously created "priority list" of available base stations in 

base station 405. The originating base station controller 407 25 the vicinity and attempts to establish contact with a new base 

then translates the handoff request and relays it to the station 104, perhaps on a new frequency and/or a new time 

network host 409. The network host 409 acknowledges the slot. The user station 102 may include as part of its control 

circuit switch to the originating base station controller 407, logic a "persistence" parameter which will preclude call tear 

which then sends a circuit-switch-complete note to the down from occurring before a duplex connection is fully 

terminal base station 406. 30 reestablished. 

When the terminal base station 406 receives the circuit- The true "hard handoff" problem (i.e., a lost air channel) 

switch-complete note, the terminal base station 405 begins may in many instances be handled very quickly through the 

paging the user station 102 with a specific poll, and the ability of the user station 102 to re-acquire the original base 

originating base station 405 signals the user station 102 to station 405 or to acquire a different base station 104 very 

transfer to the terminal base station 406. When the user 35 rapidly even when no information is available to the user 

station 102 receives the signal to transfer to the terminal base station 102 when the link was lost. Even in such an emer- 

station 406, or if the link is lost during the handoff, process, gency "break before make" handoff situation, the handoff 

the user station 102 switches to the terminal base station 406 may ordinarily be accomplished in as little as 16 to 250 

and searches for a specific poll message 302. When the user milliseconds. In contrast, complete loss of a link in tradi- 

station 102 receives the specific poll message 302, the user 40 tional cellular architectures becomes a "dropped call." 

station 102 completes the connection to the terminal base One problem that may occur during handoff is a situation 

station 406, and the handoff procedure is finished. in which there are repeated attempts to switch between, two 

Should the link between the user station 102 and the or more base stations 104 during times, for example, when 
originating base station 405 or terminating base station 406 the measured quality of the received signals from two 
(or 410) be completely broken at any time, the user station 45 competing base stations 104 is very close, or when envi- 
102 will search for the highest quality base station 104 on its ronmental effects cause rapidly changing deviations in the 
list of potential handoffs, and attempt a handoff without relative measured signal quality of the signals from corn- 
communication with its previous base station 405. This peting base stations 104. The repeated switching between 
capability allows the user station 102 to recover from competing base stations 104 may be referred to as "thrash - 
situations in which the original link was broken before the 50 ing" and may have the undesirable effect of consuming 
normal handoff procedure could be completed. excess capacity from the network. In order to reduce the 

An intra-cluster handoff, including re -establishment of effect of thrashing, hysteresis measurements from multiple 

bearer channel traffic, may ordinarily take from less than 10 base stations 104 may be maintained by the user station 102 

milliseconds to as much as 40 milliseconds. Since under so that a handoff does not occur until the quality of the signal 

normal circumstances the handoff time is less than one 55 from a new base station 104 exceeds the quality of the signal 

polling loop interval, bearer packets will continue to the user of the original base station 405 by a predetermined margin, 

station 102 with no interruption. Inter-cluster handoff times In such a manner, important air channel resources in the 

are partially dependent upon the delays inherent in the host network may be preserved. 

network 409 and are not always easily predictable. In rare instances, two user stations 102 on the same minor 
A unique aspect of the above described "mobile directed" 60 frame 202 in different cells 103 but on the same frequency 
or "mobile centric" handoff technique is that the user station may encounter propagation characteristics in which the 
102 makes the decision to handoff between cells and directs spatial and code separation are insufficient to prevent bit 
the base station controller or network to make a line switch errors, thus causing the user stations 102 to begin experi- 
ence an alternative base station 104 is acquired. This encing degradation of their RF links. In such cases, a time 
approach is quite different from a "network directed" or 65 slot interchange (TSI) may be performed wherein one or 
"network centric" approach such as used in systems such as both of the conflicting user stations 102 are assigned differ- 
AMPS, IS-54 cellular, and GSM. The mobile centric ent minor frames 202 within their respective major frames 
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201 to eliminate further collisions. Such a procedure may be Protocol Flexibility 

viewed as the time domain equivalent of dynamic channel The protocol described above provides flexibility with a 

allocation as the system either assigns an unoccupied air small number of unique messages. The protocol is immune 

channel 203 to the user station 102 or switches the user to changes in polling loop length and in the number of air 

station's 102 minor frame 202 with that of another user 5 channels allowed. The number of simultaneous users is 

station 102 in the same cell 103 which is geographically therefore responsive to voice compression and data rate 

removed from the interference. constraints and not by the protocol. The protocol also 

Security and Error Handling provides for an unlimited number of user stations in a given 

The protocol of the invention protects communications a ^ tfae ovision that the num5er of simu i latl eous 

against errors in several ways: protocol handshaking, user 1(J ca iis cannot excee d the number of air channels. An unlimited 

ID verification and revenfication, and synchronization by u * u i u 

iU v ¥i J u i • c *• j number of base stations are also supported, making base 

reacquiring the base station. Handshaking, verification and . L , . - .vV, c • j 

synchronization protect both the base station 104 and the staUon BW»phy a 1 fim u ctlo °, of available and 

user, station 102 from receiving telephone calls in progress ran 6 e > 001 of P rotocoL ^ ablllt y 10 ^"ogate ^ acquire 

on any other air channels 203. alternate base stations in the presence of faulty communi- 

Handshaking provided by the general poll step 307 and 15 cation provides for the expansion of a microcell network 

the specific poll step 310 requires that the proper message which mav use base station handofl to route calls to base 

having the proper header be transmitted and received, and in stations within range, 

the proper sequence. In each message, the header field 207 System Synchronization 

(sixteen bits) is protected by a CRC code 211 (four bits); an In order to maximize system throughput capacity, the 

error in the header field 207 or in the CRC code 211 indicates 20 TDMA frame times for all base stations 104 within a 

an error and will cause the protocol to restart handshaking geographical region are preferably synchronized to within a 

with the general poll step 307. specified tolerance. For example, in one embodiment, all 

The user ID is verified twice, once by the base station 104 base stations 104 begin transmissions for the same frame 

and once by the user station 102. In the general poll message within 6 microseconds. 

301 and specific poll message 302, the user ID 309 is 25 The primary data timing standard in a digital network 

protected by a CRC code 211 (sixteen bits), in like manner backhaul system, such as Tl, ISDN BRI, or PRI, is the 

as the CRC code 211 for the header field 207. An error in the public switched telephone network (PSTN) timing standard, 

user ID 309 or in the CRC code 211 will cause the protocol To prevent data precession into over run or under run, all 

to restart handshaking with the general poll step 307. base station controllers 105 and base stations 104 in such 

At the link-established step 311, the base station 104 and 30 systems are synchronized to the PSTN timing standard, 

the user station 102 are protected against drift and/or At the system level, a GPS receiver is used at each base 

desynchronization, even when transmission or reception are station controller 105 (and optionally at each base station 

interrupted. When a threshold for an error rate is exceeded, 104) to generate the primary reference timing marker for the 

the base station 104 and user station 102 each independently TDMA frame timing. This marker is captured at the base 

stop sending data in information messages 303 and infor- 35 station controller 105 every second and transmitted to the 

mation responses 306, and return to the specific poll step 310 attached base stations 104. Abase station controller may 

for resynchronization. In an embodiment where the specific temporarily turn off any major frame 201 or minor frame 

poll message has been eliminated as redundant, the base 202 of a given cell 103 which may be interfering with a 

station 104 and the user station 102 may determine resyn- neighboring cell 103. 

chronization by means of a designated bit in the header field 40 Each base station 104 provides the basic TDMA loop 

207. timing structure for its cell or sector. As previously noted, a 

At the specific poll step 310, the base station 104 trans- synchronization preamble in the form a control pulse 215 or 

mits the specific poll message 302 and the user station 102 power control command is transmitted at the beginning of 

searches the major frame 201 for a specific poll message 302 each minor frame 202 by the user station 102 and the base 

having a user ID 309 which matches its own user ID 309. 45 station 104, respectively. When the appropriate preamble, 

After this handshaking succeeds, the base station 104 and consisting of a code sequence AS chips in length, is received, 

user station 102 return to the link-established step 311 and a digital correlator (i.e., a matched filter) attuned to the 

continue transmitting and receiving information messages specific preamble generates an internal synchronization 

303 and information responses 306. pulse which may be very brief (e.g., two chips in duration, 

This technique for recovery from desynchronization, also 50 or 400 nanoseconds). The internal synchronization pulse 

called "reacquiring the base station/* has the advantage that may then be used to synchronize the start of M-ary symbol 

both the base station 104 and the user station 102 indepen- detection process, 

dently reverify the user ID 309 before communication is Alternative Embodiments 

resumed. This assures that the base station 104 and the user While preferred embodiments are disclosed herein, many 

station 102 stay in synchrony and communicate only on the 55 variations are possible which remain within the-concept and 

agreed air channel 203. Should the base station 104 and the scope of the invention, and these variations would become 

user station 102 be unable to reestablish the communication clear to one of ordinary skill in the art after perusal of the 

link 312, the telephone call will be terminated by the base specification, drawings and claims herein, 

station 104. For example, information which is transmitted from trans- 

At the link-established step 311, the base station 104 also 60 mitter to receiver is referred to herein as "data", but it would 

repeatedly and periodically transmits the user ID 309 in the be clear to those of ordinary skill in the art, after perusal of 

D field 208 of the information message 303. The user station this application, that these data could comprise data, voice 

102 checks the user ID 309 to assure that the base station 104 (encoded digitally or otherwise) error-correcting codes, con- 

and the user station 102 are each communicating on the trol information, or other signals, and that this would be 

proper air channel 203. If this user ID 309 does not match, 65 within the scope and spirit of the invention, 

it returns to the specific poll step 310 to reacquire the base Moreover, while the specification has been described with 

station 104, as noted above. reference to TDMA multiplexing of air channels, it would be 
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clear to those of ordinary skill in the art, after perusal of this 
application, that air channels may be multiplexed by other 
means, including FDMA (frequency division multiplexing), 
by assigning air channels to differing frequency bands, 
CDMA (code division multiplexing), by assigning air chan- 
nels to differing spread-spectrum spreading codes, other 
multiplexing techniques, or combinations of these multi- 
plexing techniques, and that this would be within the scope 
and spirit of the invention. 
What is claimed is: 

1. In a communication system having a base station and 
a plurality of user stations, a method of establishing com- 
munication between said base station and one of said 
plurality of user stations, comprising: 

transmitting a general polling message from said base 
station; 

receiving said general polling message at said one user 
station; 

transmitting a general polling response from said user 
station; 

receiving said general polling response at said base sta- 
tion; 

transmitting a specific polling message from said base 
station; 

receiving said specific polling message at said one user 
station; 

transmitting a specific polling response from said one user 
station; 

receiving said specific polling response at said base 
station; 

thereafter transmitting and receiving information mes- 
sages between said base station and said one user 
station over an established communication link; 

detecting a measure of quality of said communication link 
between said base station and said one user station; 

transmitting a specific polling message from said base 
station in response to said measure of quality; 

receiving said specific polling message at said one user 
station; 

transmitting a specific polling response from said one user 
station in response to said specific polling message; 

receiving said specific polling response at said base 
station; and thereafter transmitting and receiving fur- 
ther information messages between said base station 
and said one user station over a re-established commu- 
nication link. 

2. In a communication system having a base station and 
a plurality of user stations, a method of establishing com- 
munication between said base station and one of said 
plurality of user stations, comprising: 

transmitting a general polling message from said base 
station; 

receiving said general polling message at said one user 
station; 

transmitting a general polling response from said user 
station; 

receiving said general polling response at said base sta- 
tion; 

transmitting a specific polling message from said base 
station; 

receiving said specific polling message at said one user 
station; 

transmitting a specific polling response from said one user 
station; 
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receiving said specific polling response at said base 
station; 

thereafter transmitting and receiving information mes- 
sages between said base station and said one user 
station over an established communication link; 

transmitting a general polling message from a second base 
station, said general polling message comprising a field 
for transmitting a first set of network information; 

receiving said general polling message at said one user 
station; 

transmitting a specific polling message from said second 
base station; 

receiving said specific polling message at said one user 
station, said specific polling message comprising a field 
for transmitting a second set of network information; 

recording said first and second set of network information 
at said one user station; 

establishing a communication link between said second 
base station and said one user station in response to said 
network information. 

3. A method as in claim 2, further comprising transmitting 
said information about said one base station from said user 
station to said second base station. 

4. In a communication system having a base station and 
a plurality of user stations, a method of establishing com- 
munication between said base station and one of said 
plurality of user stations, comprising the steps of: 

a step for transmitting a general polling message from 

said base station; 
a step for receiving said general polling message at said 

one user station; 
a step for transmitting a general polling response from 

said user station; 
a step for receiving said general polling response at said 

base station; 

a step for transmitting a specific polling message from 

said base station; 
a step for receiving said specific polling message at said 

one user station; 
a step for transmitting a specific polling response from 

said one user station; 
a step for receiving said specific polling response at said 

base station; 

thereafter a step for transmitting and receiving informa- 
tion messages between said base station and said one 
user station over an established communication link; 

a step for detecting a measure of quality of said commu- 
nication link between said base station and said one 
user station; 

a step for transmitting a specific polling message from 

said base station in response to said measure of quality; 
a step for receiving said specific polling message at said 

one user station; 
a step for transmitting a specific polling response from 

said one user station in response to said specific polling 

message; 

a step for receiving said specific polling response at said 
base station; and 

a step for thereafter transmitting and receiving further 
information messages between said base station and 
said one user station over a re-established communi- 
cation link. 

5. In a communication system having a base station and 
a plurality of user stations, a method of establishing com- 
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munication between said base station and one of said 
plurality of user stations, comprising the steps of: 

a step for transmitting a general polling message from 

said base station; 
a step for receiving said general polling message at said 

one user station; 
a step for transmitting a general polling response from 

said user station; 
a step for receiving said general polling response at said 

base station; 

a step for transmitting a specific polling message from 

said base station; 
a step for receiving said specific polling message at said 

one user station; 
a step for transmitting a specific polling response from 

said one user station; 
a step for receiving said specific polling response at said 

base station; 

thereafter a step for transmitting and receiving informa- 
tion messages between said base station and said one 
user station over an established communication link; 
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a step for transmitting a general polling message from a 
second base station, said general polling message com- 
prising a field for transmitting a first set of network 
information; 

a step for receiving said general polling message at said 

one user station; 
a step for transmitting a specific polling message from 

said second base station; 
a step for receiving said specific polling message at said 
one user station, said specific polling message com- 
prising a field for transmitting a second set of network 
information; 

a step for recording said first and second set of network 
15 information at said one user station; 

a step for establishing a communication link between said 
second base station and said one user station in 
response to said network information. 
6. A method as in claim 5, further comprising a step for 
20 transmitting said information about said one base station 
from said user station to said second base station. 
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